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SOUND EMANATION FROM HIGHWAYS
By

Louis Bourget¥*

SUMMARY

A commentary relating motor vehicle noise to reasonable
measurement. Maximum noise limits are suggested for three class
groupings of motor vehicles. These limits are believed to be
entirely feasible. A graph is also presented that permits the
highway planner to predict future truck noise peaks at various
distances, over exposed terrain, from three basic highway designs:

Flat Sections --Elevated Sections -~ Depressed Sections.

INTRODUCTION

Sound does not actually emanate or radiate from highways
except in the geographical sense. We hold that vehicles make the
noise and, without them, highways are strangely silent. This
distinction is offered for an important technical reason. A virtual
axiom in acoustics is that noise control should be imposed to the
greatest possible degree at the noise source, for once noise has
escaped, it becomes much more difficult and expensive to control.

HUMAN HEARING RESPONSE

Let us look at Figure 1 for a little background informa-
tion. These are the free-field equal-loudness contours, for pure
tones, determined by Robinson and Dadson at the National Physical
Laboratory, Teddington, England. They are an up-to-date version
of the famous Fletcher-Munson equal-loudness contours that were
developed at Bell Telephone Laboratories in the early thirties.

These curves show how much more or less sound you require
than a reference level at 1000 cycles per second (cps), so that
the apparent loudness stays uniform across the acoustical spectrum,
Obviously, our hearing is far from flat. It might make more sense
to you if we say that turning these curves upside down, one by one
at 1000 cps, will portray your response to various tones at con-
stant intensity levels. Now the curves will all droop toward the
lower frequencies just as our perception does in this region and
the queer bump at the higher frequencies will rise wherever you
respond better and fall wherever your response falls.
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SOUND LEVEL METERS

Figure 2 shows the response of an ASA approved Sound’
Level Meter when the A, B or C weighting-networks are employed.
The C scale is reasonably flat.

The B scale has a moderate bass roll-off similar to
human hearing at fairly high intensity levels. The A scale has a
much faster bass roll-off similar to guman hearing at the 40 phon
level on the equal-loudness contour chart. -

The A-weighting network, when used at all intensity
levels, gives a reasonable subjective rank order for evaluating
noise from trucks and automobiles. Therefore, the International
Standard Organization (ISO), in cooperation with the American
Standards Organization, supports the use of dbA for judging the
noise from motor vehicles.

SUGGESTED NOISE LIMITS FOR MOTOR VEHICLES

The IS0 recommended distance for measurement of motor
vehicle noise is 7.5 meters from the center of the traveled lane.
This is 24.6 feet. We suggest 25 feet as the nearest practical
equivalent distance. This is the same as 19 feet from the edge of
the pavement on our standard 12 foot wide lane. We only mention
this because measurement from the edge of the outer lane is safer
to accomplish under actual field conditions. At this distance 1
believe the following noise limits to be feasible:

1. Passenger vehicles other than motorcycles,
gasoline powered trucks of less than 10,000
pounds gross vehicle weight, and gasoline
powered busses of 15 or less passenger
capacity:

80 dbA
+ 2 dbA tolerance

Excessive noise over 82 dbA

(Figure 3 offers some supporting data that
was obtained at a 4 foot greater distance
than the 1S0 recommends. Therefore 2 dbA
should be added to all noise levels shown) .

2. Gasoline powered trucks of over 10,000
pounds gross vehicle weight and gasoline
powered busses of over 15 passenger capaclty:

85 dbA
+ 2 dba

Excessive noise over 87 dbA
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3. Diesel powered trucks of over 10,000 pounds
gross vehicle weight, diesel powered busses,
and all motorcycles:

90 dbA
+ 2 dbA tolerance
Excessive noise over 92 dbA

(Figure 4 offers some supporting data that

was obtained at a 4 foot greater distance
than the ISO recommends. Therefore 2 dbA
should be added to all noise levels shown.
About 50% of the diesel trucks had inadequate
mufflers. None had acoustical materials under
the hood to reduce engine compartment noise
radiation.)

If you are puzzled by the 5 dbA steps between passenger
cars, gasoline powered trucks and diesel trucks, please understand
that these figures are based on the measured amount of noise
remaining after good mufflers are installed on typical vehicles in
each group. Under these same relative conditions, gasoline powered
trucks are 5 dbA quieter, and passenger cars 10 dbA quieter, than
diesel trucks.

Another desirable requirement for all vehicles of over
10,000 pounds gross weight should be the installation of acoustical
lining material on all possible under-surfaces of the hood in-
cluding the hood side-panels. The acoustical material so employed
should have an absorption coefficient of not less than .65 between
500 and 4,000 cycles per second. This is important because the
radiation of excessive engine compartment noise has often been
used as an excuse to avoid employment of high performance mufflers.
Such arguments should be discouraged.

All of the above suggested limits can be applied to
vehicles in motion aleng the highway and not restricted to an IS0
type of acceleration test, involving measurements in both direc-
tions. If noise limits are applied to vehicles in actual opera-
tion along the highway, our law enforcement agencies will have a
much wider field of application in carrying out the responsibility

of motor vehicle noise control.

PREDICTING TRUCK NOISE VERSUS DISTANCE FROM THREE BASIC FREEWAY

DESIGNS

The problem of estimating future peak truck noise levels
that may result at various distances from proposed highways, is
frequently of interest in the planning stage. This is particularly
true where alternative designs or routes are possible.
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o We do not pretend that a reasonably good prognosis will
eliminate noise problems, but it may help you to recognize the
least of several possible evils.

Figure 5 shows the basic method employed to derive the
data from numerous field tests.

: Figure 6 illustrates the amount of diesel truck noise in-
dbA that you may encounter at various distances from flat sections,
elevated sections or depressed sections. ’

All dbA values are based on a reference noise level of
92 dbA at 25 feet from the exhaust stack, which is the primary
source of noise at any reasonable distance beyond the right of
way., Three overlapping bands of background noise are shown at the
bottom of the chart which should help in relating truck noise to
normal local levels. The greater the projection of truck noise
above local background levels, the more possibility of complaint.
The greatest number of complaints usually come from residents in
close proximity to well traveled truck routes. Therefore industrial
or semi-industrial routes, within a city, have certain advantages
providing they are available and meet the other engineering con-

siderations required.
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Free-field equalloudness contours for pure tones, determined by Robinson and Dad-
son at the National Physical Laboratory, Teddington, England. Piano keyboard helps identify the
frequency scale. Only the fundamental frequency of each piano key is indicated.

MAF CURVE Typifies the minumum oudible field of young people
with good hearing when tested in an extremely quiet location.
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FIG. 2
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Fig. 3

PASSENGER CAR NOISE DISTRIBUTION
AT 23' FROM EDGE OF OQOUTER LANE

PICK-UP TRUCKS AND LIGHT DELIVERY VANS ARE INCLUDED
dboj

NOISE LEVEL IN DECIBELS A SCALE
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FIG. 4
TRUCK NOISE DISTRIBUTION

~ AT 25' FROM THE EXHAUST STACK

A COMPOSITE OF THE 44| VEHICLES INDEXED ON
THE NOISE CHART RECORDINGS AT {7 LOCATIONS
THROUGHOUT CALIFORNIA
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FIG.

TYPICAL TEST METHOD FOR DETERMINATION

OF NOISE ATTENUATION WITH DISTANCE
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